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ABSTRACT

Bitrerns available front the solar sidl industry contain abour 50
parts per thousand of magresivm ion, which separares aut in the
form of bischafite {MpCly - 6H Q) and camallive {KCE MpCiy -
6H73i. Because bischofite is a highly hygroscopic salf, ifs recov-
ery by solar evaporation of bitterns is restricred by conditfons of
armospharic relative humidity. s coflection is further fimited by
the temperature of the mather liguor. Studies were carrvied out to

find these Hmiting values of the relative kumidity and the e
perature uf muther liguor. The work indicares that such ¢ crivical
withee of velative humidity is fimired 10 35 per cent and that of
remperature of mother figuor 1o 43.5°C. Such conditions are
avuiluble in arid and seni-arid regivess tn the early purt of the
dav. A method of collection of mugnesivm chloride-hexahydraie
wnder such conditinns s described.

INTRODUCTION

The major clements found in seawater are chiorine
{55.00%), sodium (30.6%), oxvgen {5.5%), magnesium
(3.7%), sulphur (2.564%), calcium (1.175%), potassiem
{1.1%} and bromine ({.186% ). Magnesium is the fourth
muast ahundant elenient dissotved in seawater, and in terms
of toral valve cutrently extracted, it is second only to so-
dium chloride.

Magnesium is abundantly present in scawater evapo-
rites a5 chloride (9.44%). sulphate (6.5%) and bromide
(0.22%). The raw material of the magresinm industry is,
however, magnesium hydroxide. This is then treated with
hydrochloric acid to obtain magnesium chloride. The po-
tential value of magnesium chloride as a raw material is
established, hut it involves separation of different salis lo
obtain magnesium chloride in a relatively pure form. In
the electrolytic process fo obtain magnesiom metal, sufb-
phate and boron impurities in magnesium chloride are re-
guired to be kept at minimum, as these impurities affect
the electrodes.

Magnesium chloride occurs in natute as bischofite
(MgCh, - 6H,0) and as carnallite (KCi-MgCl, - 6H,0),
both of which are of oceanic origin.

In the solar evaporation of seawater to obfain sodium
chiotide, the end Equor lefi over at the sp, gr. 1.20 isevap-
orated to obtain carnallite (KCl - MgCl+6H,() between
sp. gr. 1.29 and sp. gr. 1.33. The carnailite contains only
about 34.4% of magnesium chloride; hence it cannoz be

used ecomomically as a source of magnesiom chleride. On
progressive evaporation of this bittern between sp. gr.
1.33 and sp. gr. 1.37 magnesium chloride predominantly
precipitates in the form of magnesium chloride hexahy-
drate. Further concentration By solar evaporation beyond
this specific gravity does not become possible due fo the
high viscusity of the liquid ard absorption of moisture
from the atmosphere. ’

EARLIFR WORK

Earlier wotk carried out by Chaudhari (1965} for the
production of crystaliine magnesium chloride hexahydrate
by solar evaporation of low-sulphate-containing inland
bittern has yielded a product suitable for electrolytic pro-
duction of magnesium metal. Utilization of a sea bittern
for the production of such crystzlline magnesium chioride
hexahydrate has not been attempted, prebably due to
higher value of sufphaie content of about 3.5 per cent at
sp. gr. §.350,

EXPFERIMENTAL

Tray experiments conducted to study the separation of
different solid phases during solar evaporation of sea bit-
terns lend support for recovery of magnesium chloride
hexahydrate under field conditions.

The analysts of a sample of precipitate separating out
between sp. gr. 1.347 and sp. gr. 1.377 obtained by solar
evaporation of bitterns is given in Table 1.
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TABLE 1

Analysis of Salts Separating from Sea Bittern on Solar
Evaparation in the Laboratory Hxperiment

Na(l .- 2.4

Kl . .24
MgBr, . 0.61
MgCi; . 41.63
MgSO, .. 333

The results indicate that this fraction contains predom-
inantly magnesium chioride viz. 41.63%.

The experimental solar evaporation of sea bittern was
conducted in z tray having 1800 cm? area during the period
when atmospheric refative humidity was varying between
32% and 73% but did not exceed 55% for the greater part
of the experimental period.

The field trials to cbtain crystalline magnesium chioride
hexshydrate were conducted in a crvstallizer covertng an
area of 300 square metres. Sea bitterns progressively con-
centrated by solar evapotation to sp. gr. 1.350 were fed to
this crystallizer. The depth of the bitterns was maintained
at 15 cm. Evaporation was continued Lill the density in-
creased o sp. gr. 1.370/1.377. In this concentration range
a mass of feather-like needle-shaped crystals of magnesinm
chloride-hexahydrate separated and was found floating at
and immediately below the surface of the bitterns. The
produet was drawn together by means of a wooden scraper
and collected i1 clean cane baskets daily in the cool morn-
ing hours. The prodoct was further centrifuged to remove
adhering mother liquor, The temperature of bitterns dur-
ing the period of collection varted in the range of 38°C o
43.5°C, while the atmospheric temperature indicated a
diurnal variation between 42°C and 16°C.

The crystals of magnesium chloride hexahydrate showed
& tendency to gradually pass into solution in the mother h-
quor beyond 44°C till the temperature rose ic 50°C when
the entire mass dissclved. The field trials were carried out
in two successive years, each time coliecting a guantity of
150 Kg and 500 Kg respectively. The analysis of the prod-
uct is presented in Table 2. The sample of precipitate that
deposited ot the bed of the crystallizer was alse drawn and

TABLE 2

Analysis of Magnestum Chloride Hexahydrate,
Pereentage on Drv Basis

1) Matter Insoluble in Water N.A.
2} Sulphate as 504, pereent (max) 0.1
3} Irom as Fe, percent {max) N.A.
4} Boron as ppm 20

5} Ka(l 0.21
&) MgCly+6H,0 percent {min) 97.8

MgCls (45.92%)
71 Free and Bound Water 3354
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analysed. The product essentially contained magnesium
sulphate monchydrate. The analvtical result is presented
in Table 3.

RESULTS AND DISCUSSIONS

The relative humidity conditions otherwise detrimental
for solar evaporation of bitterns are influenced by high
temperatures during the day time and considerably lower
temperatures during the night period which prevail in the
arid and semi-arid tropical regions. Such conditions fa-
vour separation of the magnesium chloride hexahydrate
from the supersaturated liquid doring the cosler part of
the night.

In this separation of magnesium chleride hexahydrate,
however, kieserite {magnesizm suiphate monohyvdrate}
precipitates simmultanccusly. It seftles on the bottom of the
crystallizer. This is observed from analysis of the precipi-
tate crust collected from the bottom, This is explained by
the fact that the kieserite is a denser material than that of
bischofite crystals, which have a low bulk density and,
therefore, remain suspended in the liguid.

The relative humidity of the atmosphere varies over the
daily evaporation cvcle, touching a minimum value during
the hatter part of the day. Bittern containing more hygro-
scopic salt of magnesium chloride hexahydrate evaporates
during the dry part of the day and reabsorbs moisture with
the increase in humidity (Chaudhart, 1%68}. The absorp-
tion: of moistore in such 2 g3l boady of liguid is confined to
the surface layer only. Hence the dilution effect, due to
diffusion being a slow process, is negligible, Thus the sep-
aration of magnesivm chioride hexahydrate from the si-
persaturated bitern occurs during the night upon cooling
and is very little affected because of the dilution effect,

CONCLUSIONS

The abserption of atmospheric moisture by a solid sub-
stance is indicative of its critical relative humidity, The
eriticat refative humidiiy of bischofite s 33.0% at 25°C
(Stokes and Robinsan, 1949}, Hence it is seen that in the
arid and semi-arid tropical regions, solar evaporation of
sea biftern reaches the equilibrium density of sp. gr. £.377
as at equilibrium relative humidity of 32% (Derby and

TABLE 3
Aualysis of the Crust Settled at the Bottom of Crystaliizer

Percentage on Alr

Diey Basis
1} Magnesiem Chivride 4.9%
2} Magnesium Sulphate 45.93
3) Sodiwm Chloride .12
4} Potassium Chioride 7.32
5) Insolubles 0.16
6} Free and Bound Moisture 32,49
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Ingar, 1916). This clearly approaches the equilibrium of
the pure system of magnesinm chloride hexahydrate and
water enabling one w lake advantage of solar evaporation
in the process.
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